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(54) MANUFACTURE OF LIGHT-TRANSMITTING ELECTRODE OF UGHT-EMITTING 
SEMICONDUCTOR DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To stably realize a contacting surface which has a low ohmic 
contact resistance by a method, wherein a metal thin film layer of alloy which contains a metal 
selected from among specific metals is formed on the surface of a semiconductor, and the 
metal thin film is thermally treated in an oxygen- containing atmosphere. 
SOLUTION: A thin film formed of an alloy of a first metal, low in reactivity with respect to 
oxygen and a second metal which formed a light-transmitting metal oxide reacting on oxygen is 
provided to the surface of a semiconductor and is thermally treated in an oxygen-containing 
atmosphere to form a metal oxide film, and a separated electrode structure is formed on the 
metal oxide film. The first metal is selected from among Au, Pt, and Pd. The second metal is 
selected from among Ni, Ti, Sn. Or, Co, Zn, Cu, Mg, and In. Through this setup, an electrode 
which is satisfactory in electrical contact properties can be manufactured stably. A thin metal 
film layer is set as thick as 1 to 1000 nm. 
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(57) [»K=«*«#H] 

[SI*3Sn ¥##«®±JC, Au, Pt. Pd©-5 
i. Sn, Cr, Co. Zn. Cu. Mg, I n<D-ot> 

1 nmjy.±l 0 0 0 nm£tTOI^»i:;^t«)J:^i(c}gfig$ 
3 ] 2 OXeSrKmSr 1 p p m^±# 
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[0 0 0 1] 

[0002] 



(Z) 



**fFSB3 2 3 0 4 6 3^ 
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^f^x.\^^^i^-m (MB Eft) m\z^^xmsSi^i^ 

\,^ft%^m^X\t. GaAs, Ga P^<D#J1S[*^S«S; 

© 1^ Dffl J^fig-r « t J'J: o T l> -5 . 

[0 0 0 3] GaN*{t:^«5#»^**i|Sf*ffl<'>fc 
ajt^'fti. -€-W!|#1t<i:LT«l:^l6]'^0«8iEl!£»*Vh$ 

[0 0 0 4] ±.^<Dmmj^^mmr^fteb\z. ^tmiom 
nrzmmzm^^'^^^'ou^mi^^<Dnmtv. nw.^ 

^mtm^^tlX^^^ (.H^m^G- 3 1 4 8 2 2) . Z. 

<D«riiF^ii^a»ctt, mmuP^.t VXm:^itA u , - N 

i, Pt> In, Cr, T i^^&.^h. M^L'f'c^M 

5 0 0 x:£k±(Di&mxmmmt^ zLii\z^v ^s® ' 

^li^gi^ecL. iem«:0. 0 0 1 Mm~ 1 wmt?* 

[0 0 0 5] sfc, ii-«i5«^^spfcffin/t«^^^*» 

J: 0 ?S -5 » t *^ e> -5 M <' ^ SIR 
^MlSnrViS (iKfM¥9 - 1 2 9 9 1 9) . Z.(D^Am 

mitm^-^tix^^tsi^^i!)^. llM^JT«^iofc^^ i 

$r 2 © B * ^» J; 0 J^fit L T V i ^ « 

[0 0 0 6] Sfcvint^SiJC, «ffiOD:t-5>>^ttO 

«H±trN i UEf)^^tS.^m 1 (DBS.tJJ^©±{CAu7S 
t'*^e,!5:SS2©BSrJ^fi£L'T, l^jaStC J:oT»$:^ 

^^tlTVi^ (i{*ffi¥9 - 6 4 3 3 7) » dCD^W^^ 
^^(Cli, ^lOltLTNi. Fe, Cu, Cr. T 
a, V, Mn, AK A gfj:i:7&««efflT#, ^2©)!^ 
UTPd, Au. I r, Y> tf£.E1fimmX^^t-^nx 
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[0 0 0 7] i|^'S<^«^ffl©«ffii:LT¥#«Jfi'J 
*ve>Mit::NL, Au«r«BbT*3^Ctl&4 O OlCUti 

SKfe^S^nTi/^-S (J. T. Trexler et al. MaterialsRe 
search Society Symposium Proceedings 449( 1997) 109 

1-1096 ) . ^(D:scM\z\t. m')mu&t:&oo°CTS.< 

S-C±tf-5tAuBt**-r-SN i Ol£»*1«b<ncO, 
10 N i7)^'AuH*ilOfiEttT«ffi«®TiS!fl;SnS**<fiE 

[0 0 0 8] 3:tie.lc5c*bTSi*tt. ^Bt'SSroSJt 

w±«a^ttro^«^<t'fe<^>BT«fiK-r s ^ t'^ 5 s$5Sr 
Mfgbfc (.mmw-Q - 1 1 8 3 1 5) . sfccofseB© 

i: l^iaS tc J; 0 SEC b TS?B JS^SeE^tifel t •& S 

^JS»{t'^©«B«jft©f^SI:^*®ft«S:ra5ebfc, 
[0 0 0 9] 

[5IW*««*bJ:3i-r4»ia] #FfE©<fc5C, -Kt:: 

. .G^aNlfiC^4fe##<l^*fflV>fc%^5^^®3t3fOHibffi 

{cj^fK$n-5«ffi»ctt, n^m=f-ti^^<D^\zn-t^m.^ 

(Drz.mz\t, ^j^ifimm'^^- 1 1 s 3 1 ^xmzm^ 
fz^viz, nm^'¥^^ii=^izm-r^^-s.'yi;mm^mm 
:r-s^js<75B ii^(D±<Dm^^<o^mm<t^<^mxm0^ 
-r-5c<!:*tMSbi.^c c:c-e*?giffl«-ef*. ^mmzm 
hx:t-zy i7mm^m^-r^wtmts.^-i^iz<\^^^m 

•ftiife i jfe « ^« 2 © ^JB t d i a: -r * . 

[0 0 10] ±fB©3i^14«ffi^:bT^)g/^SK{l:'Kl 
<0B«jfil!IIK&J^fi5tt-«.*te<!:bT. a-^rti. ^Mi^m 
40 d^eWtc^l ^2©^JB*«Bb, »^*-&tJ 

^H^^-Tf^fflsbTS^ttcDmst-r^^s (i^s^ 
9-118315) ^ssibfc. mm<Dmj&(om 

m^B^VftmtVX. ttlEOJ. T. Trexler et al. Mat 
erials Research Society Symposium Proceedings 449 
0997) 1091-1096 ]Z\t. {C^ 2 ©^S©» 

mtmi<D^m<D»m^m\zmfS.vxmmm^> ^-5 
[0 0 11] bA^b^c^i^, *-r, #»*^#J*^?. lifts 

50 ICD^S, S2W^Si^«Bbfct¥)^Sr^fflSbTS?B 



(3) 
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5 

[0 0 12] -^-CDMHO— ii4S*«S»-#ffii"«> 
^2(D^P®fSI»^^#i^^iB(C}^fi)tLTiimS 

[0 0 13] :itiic^*bT, 09^1*^2 o^JS*^?>^cs 

n!i^t:^mi^m.mizmvxm^v. ^<D^mi<^^m*^ 
ifj-^nm^^^i-^ mmm\z^-oxmm^mis.hfi.m 

/j:gEit*^#e>n^. ^^ICltljeoJ.T. Trexler e-tCi^ 

i^^lO^S. Autt^2©^atC^^31^n^. 

[0 0 14] (DttttlC J:nti, ±fEOJ;5fcM^^<^ 

a«±(C^2 0^S, ^1 ro^)S<DBH-C»KS:?^BRbfc 

^«issic«¥^(*ffi*^e>^i ^2 

cD^B&-&t;^JSS?{t'I^Jt<'^5«i®^S. S2©^S 
ofc. ii#fc5 0 ot:£tT©ia*-e«. ^^i-;itS^ttS:^ 

[0 0 15] U^T. ^^m<DSmt, 
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#IA^e>fB2©^)R. ^lO^JBOlBT^JSIBISJBtSUT 

of^ia:^^ * Ji#t-r s * « . 

[0 0 16] 

\z. Au, pt, p do:>^-^f>imiinf^'pu< Lhi 

mi^<D^mt, Ni, Ti, Sn, Cr, Co. Zn, 

Cu, Mg, I nCDe>*.*^?>Stfti;^i!>7^j;<ifol«a 

[0 0 17] «f{C*^l^«, fflffiS 1 <DXSJc43^iT, 
^JB»IKBtt 1 nmJJ^Ji 1 0 0 0 nm&.T<Dmmiiri^ 

SflESB 2 ©xaSSlS^S: 1 P P mfii±^ty#H^I^ 

oxec*5i^T. f^ffis« 3 0 0 x:&.Ji(om&-c 1 5J-ei 

[0 0 18] 

^•2 05^Kt©^^^e»!icS^MS:*S«t:«ffi-h{cm.. 

[0 0 19] i|i»^^«®tcjgfiK$nfc^^»M«. 
^. mm\z, ^2o^B««®)i«®t'*£»bTMffl# 

[0 0 2 0] Sfc, ^|g»ll*l»i®aiC=koTgE{tSii: 
0 T-^5£bTS^ttfr-5**^nIffiT'*^. 



(4) 



4$fFm3 2 3 0 4 6 3^ 



[0 0 2 1] Caj^li^lO^SibTAuS:, *fc:^2 
tf, ^mSJaS^ 5 5 O-CiUfc^i^tC^, a«#j*^5> 

a^liS 0%lC±#Lfco L.*^L, ^i!!iafiS$r4 5 0 
"CiiLfeJIi^tCltt. N i /AuO^JSi»MT'li^^!!iaa 
t)3 0%*TL*^±#U;ft*^t3fc©C^L. AuNi-& 

« . J^<£ ^- 5 ^ -5 ^ t *^T' ^ ^ ^KT- afe 

[0 0 2 3] — m2W^)gtLTli, ^MStCiO 
nsS?^tiK»*J^fiKt"aN i , Ti, Sn, Cr, Co, 

zn, cu, Mg, in^r)ts.^m^<omitnrz'pr£< 

nTli-SWtS. N i O, T i 02 , S n O, C r 2 O 
3 , CoO, ZnO. Cu2 O, MgO. I n2 O3 tJ^ 

[0 0 2 4] i^{C*5£?B(C*5ViTtt, i^»^^«®tCj*L 

jet, AutN i «-)»»cS9J^^tbT*ne>n%^^ 

[0 0 2 5] ^fc:$i9tm(D^yt^mt^m^m-&9e^n.m 

(Di^l&ijmizis^^^x, ^\z. *fjE^ 1 ©^jSt^2 0^ 
Jg(D^^*>^;/5:-5e?£r, KJ?*« 1 nmW± 1 0 0 0 nm 
£^TT*-5J;ptCJ^fife-rs;:it*^*f^b('^. 100 On 
mjy.±0)KPT'«, »IKlc-^*ns^2©^8*l^-tc 

Sd^T^ST'S.^. 1 nmt^T©K»T-tt^]^ro 

rz±mmyt^mi^mf-mm^^mm<^&itismizisi^ 

1 nmUi,±5 0 0 nm&rFtU^^'!)^z-t^^ttm 
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^2CD^«W^B^{t#lJ:0/^i^»©lK)P*n nm^Ji 
1 0 0 0 nm&.~ftf£^^ViZf^:itti^^\Zitf-^L 

X^^^XU^^o 1000 nmSK^ttS^^i:^ 

10 ai^y^y^Uii\z^i,mi:*^^M\zU^o 

[0 0 2 6] m I <D^m<Dmm\t. s^tt^^-sfcs&tc 

1 nm*^e) 5 0 0 nmOteHOKff, -^-O+Tfe^BIt 

1 0 9 0 %S:ll^-r-5=fc-5nt]^eiCfttJffllLT}^^ 
$n«)C<i:3&W*b< , ^2<DgOMISttil3ttt 

nmA^e. 1 0 0 0 nm©ieffltcfj:«) C t*«if * b 

[0 0 2 7] 2|s:i|^-t?tt®3ttt©m«*, 1 

id JSt|t[f2^2©^M©-&^*^5>^c^^KB^J^fi£'^S^ 

i©xie©«(c, mm^^tsmm^^xm^^m-r^^i: 
m 2 oxa^ff 5 n t cj;oTfpia-rs ci t*iT#^. 

BE^«r^tyflffl»ttt, (O2 ) -^tK^S^ (h 

2 o) ^sr-&tj^H^T-a&*. !Hfic, wtm^t^tsmm^ 
iLT«. S!3g^:^ (02 ) ^^t^nm^^m^^^^i^ 

[0 0 2 8] f^ffla^ffl^ttJ^SSSgoififtlw-rJtiTtt,' 

30 ®?'a:b<k^i:-rs^2©^jii©'itsiicjrvCTSi^-r^!ji 

*S^Tlfo;fca'<r©tfeWtCin«. KSgJM^^Si:©* 

^t£^^thxmx\^xh. f?*«ia5?HM'*'©»*fi* 
«, ±m^yt^mi^m^mm^^nm<ov^m:>smiz^^^ 

<tt, |^Ma©IIH^I^©iEi^«l ~2 5%<J:T-&. 
40 ^Ai 1 %£iT-ea&-S)i:^2 ©^JRW^itfcS^raieSSi 

7it^«-&AifeO, -:^S!5g*^2 5%tAJt-efes<h#?i«!ia 

[0 0 2 9] ±I5%^^# 

©xSt*3tiT, m9iiM\-is 0 ox:&.±<DM&xi^&. 

^l©^St#IiS^2©^M<t©^^©»SftSr, Sf^S: 
50 ^ty^B^^'T-SS 3 0 0 X:eK±X 1 :5^■^J^JlS^^BS•t■2> 
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SfRzfv^m\t. ^2o^jBtcjr>i;TS*;T«)ij5>®*<» 

, U ?5: i 5 Jitjafi i r -5 ^ -i: ^ «§T' 

[0 0 3 0] *fc^'*©tfeWic<kta(i, 5^^aS:^f■5» 
-5 SSMT-iag L i L T t> ^± fCl^ - 1' K^tf S C <t « 

Ct^^MSbl^. ITo r r£i>T<^JE:^t?«. ^^laSiP 
[0 0 3 1] *5!?gtCi3l/^T«, f^2<DXmX'$> 

n«, l^fflSLfcg5.ic^^gtc-&sn^^2ro^R*^*l^ 

- JCv ^2cp^BJ4ISftiaiffiSIB8^4'OJfe*iS*&LT^R 
[0 0 3 2] *fc*miifr^t)-£)5IWtt> ±ffi5l3ti|£S 30 

»^'i'mm^^mm<Dipmy3m\z^^^x, mzM^mm^ 
c aN^it'^!\i>>^mi^x$>^^t^ii^mt-r^o rut:) 
:^^m\zmio^^yt^mi¥m^mmiH:\SLmm<Di^m. 

JcAlx Gay I ni-x-y N (O^x^l, O^y^ 
1, O^x + y^l) T«t-:it*^W*^. 

[0 0 3 3] mi (D^mtm 2 (D^m<Dm.^'tt:>-^\t. 
'^^tvx»m^m^x^^j;i3izmmj.mi^-^t>-&^ " 

^'b(Dx\tts.<. ^mum^mcDm^'^ii^hmvxm^^ 
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(Ditmit. m!&mw:\zmi^^tii>mm7&iziin^^m(D 
M<Ditmt£ai!)^?>m.nvx^i&t^ ^ lv^. 

[0 0 3 4] Sfc. ^1 OXg(3*5ViT'&^^KSrJ^BK 

2«)^«*ti!!<tbTSJttt®^lilf!<tiJfei:^0. 
[0 0 3 5] 

^MSft TS^ttt^£:*-r^^JSS?{t^i:?^t-5lg 2 CD 

^*2CDXgi:*#tJCi*!^SSfr-S. ^«LSt-S^ 

JEti^«aSSg^®H-e^Jffj:ig^14©««iSr^itb 

t-rscitiwit), ^i!?#«iii©t^S!s)gSiR«-rs^2 
CD^JR*«i^»^«®tc#ftb, I^MawfiRO^t^SJSfc 
J: ^ T (C nfcKlb^ W g S: Sfti® b T , 

«^M!^J*tt'l$tt®aiff;^t«ffi*5!53gbT«jSTS :i t 

[0 0 3 6] 
[Utig^] 

M®f^©**®— ^^Jt*^ EI3coBf®0r^-rJ:'5;a:« -9- 
^T-f 7a«±lCA 1 NS:A*2/7Tei:bTnSGaN 
InGaNB, pSAlGaNe, pSGaNBS: 
WStC««bfc^»#:«1£9 0DpSG aNB±tC, Au*^ 
e)7^t^^l©^l 0. N i G5^ft%A''e.?iC«>^2®g 1 

3-C7«p««ffijJ^>X'f 8«nffi!l«ffi 

T-a&*. *fc0 2«, 0 3-t?3^bfe^^^^#(*5g^ffl« 

[0 0 3 7] S2, 0 3lC:^bfc5l^^l^#ft^^^^ffiS3t 
U yi^^^-r— g^iiS^fflVi, pMGaNl±»CAuBe 

RtJt'J7^;^-7S^i5€rffi^'^T, pSGaNg±<0iS>t1t 
«ffi<&?^BRf -Sm^eC©*., Au*5J:r/N i O^lfe*^ 

e,7it^^^a!MB?&J^B£bito 

S-r*«*J:»«9^X^il«««t'An, pMGaNg± 
I (CJE:'] 3 X 1 0-6T o r r tC^oViTAu iN i CD-&^S; 



(6) 



l^fFmS 2 3 0 4 6 3^ 
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©Tj^-hCAutN iO^RM-*#Wlt^TAu : N i 

i -^■^nmnm^i^i^i^rz, aun i ^^$:^«pL.fcs 

^MA^J^^^tlfc. C©*H<D«@^^*5AuN i 

[0 0 3 8] c:©a«*7--;uJPT?^i!!iSb 

0 9S©g!5!l3tf7.^-&tJT;i/rf>$:JtjlLT, 1 0 ^J-W«l 

[0 0 3 9] ±E©*teiCiOfP»bfeSI3t1t«ffiOK 

S4 5 0 nmO^»C*3ttSiSj®*«4 5%-rfe-:3fc<, fj: 

J:oT, i|^»ft:i:^M^«)fa«*6l%JicAu*^e.;Jj:S^S 
i^B.ir^ffi-© N. .1 ©S5<t:|»36> e> 3 ^ tiT-v> 

€•0 1 CS^f . Bl 1 ic^bfeJiffiro«ffi©ffl^®8^** 

iRjT'n^T'f Jl'J^t), *#{^lcj^-r^AuOS(c«N i 

^20^1 1«N i Ot^!>gON i J;O^S 

Au*^e.;5t-6^1«^l 0:j3<tU:N i ©K^ttlA^e)Ji-& 
[0 0 4 0] m«StGaN^Bjfi<$r»fB:^|6]*^ 

GaNStro|^®J:0 2 0 nm^T'©Au 

2glCiJ-{ilLTli-5Ci:iOi#iJofc. Sfc, GaNHiA 
u B i OD^B tc G a gE^t ife St> tl 5 e ^ n^c*^ 

[0 0 4 1] -^-O^. Y'p-i X.y^yif\Z^-oXr\mM. 
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<J;03a:-&nffll€S8S:«JfiRL, nfiij««8<0:t— 5 y 

iiX^TztZ.^, m8ft2 0mAtC*3tt^%7taj;/7*^T1^8 
OmW. JI1:^I6]«JE«2. gvSr^Lfc. Sfc. 2 > 
9-<t><D^^*^i> 1 6 0 0 oe©?"-;/::^*^»etl, 

[0 0 4 2] (IgM^J 2 ) 

-Cm-Tiivfs.. ■y-7r'1'Ta«±ICA 1 N^A'-y7T^ 
<hbTpSGaNS> pMAlGaNB, InGaN 

aN)g±tC, P t*^e>&S^l<OB 1 0, Ti02*^^ 

fiisES-r?' iipfiymffi. 8' ttpffliMffiffld^ 

7ji2|s:fEgg (C ^ -5 S3t14«@-C $> ^ o 
[0043] 05, 06 tC5^bfc5!3t^«t(*:3g^fflS3t 

tt«ffi«> mmmi tmm\z'^<D^m-^ipm\^ft. «]* 

h U V^y^^-f— S^I5SrfflVi. nSGa 

8' SrJKfi^Lfc. la^^T, ^»<D7* hUyi^77W'- 
fttBRC/^U y h:t7MWi^mi'^X. .nmG a NlJ::5pif 

:^3X10-6Torr lc*5 V>T P t t T i ^r-ftSitlC L 

Tus-^trp t T i ^^^^-yy h ti^xm^^Tmm 

2 0 nmro«ffi!eigE*^efiRbfc. P t T i ^&<D»m^ 

7i:ll?{*tlS^fflfca'joT^aSb, 0 4 CD 6 -tf^TJ^t^ 
<D»m'S:m^Vfto Z.<D^z>\zLT, nSGaNBiJ:: 

ttp t T i ^^*>e.j4«)^JB»is**}^j5)c$nfc. z.<Dm 

40 fflM:^x 7. * 1 0 %^tyS*»ffl^ t UT 4 5 

Bl^0 5 »C5^T<J: 5 IC^a^fc, 
[0 0 4 4] ±fa(D:^fetCi:l9f^«b^c«3ttt«ffi«> 

4 5 0 nmO)t<^Sifi^tt3 0 9g-Cfet?fe. AES*<t 
Ot|g)KXRD©aa^iS*J:0, P t T i ^^•t'CDT i « 
SE-ft^tlTT i O2 i:7^c0^i-S6$nT»IK«®lC#ffiL 



(7) 



f^f^ms 2 3 0 4 6 3^ 
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Etc, ^Sg^JUcEi!ELfcOt|^«c75:^feT-. H^'fX 
>y^>^lCj:OilWb:tpSB±tCAuB e, AuJ;0 

1 6 0 0 oii©5^'v:^*^f#e>n, siJt^KA^? 

[0 0 4 5] (lt«0!ll) HM^iJl tllC«)iflljft*J* 

fiKLfc. ^)]i*lC#e©Au 2 5 nni*^?)/^^® 1 OO* 

a-e2 0%<7)M*:^J>^S:'&trT;i/=f>^ffl»i^"Ci o^j- 

W?^^!aaL;t^, X/1>y^felcJ:oTN i O 1 0 nm*^ 

*?irr;fcS5ttt*^bfc. as* 4 5 om<D^©S3t*« 

5 0%-eS)ofc» C(DK*Bt<DG aN<i:Au^S)fi< S:»f 
BTEM(CioT«^Ufci:^5, GaNHtAuH© 
Iftffi tC 5 ~ 6 S e> * G a K^ffel t Sfc tX S B 

Si^nfc5E3ty-1':*— H©2 OmA{Z*3tt-5W:frft«EE 
2 OmAtc*Jlt2>563t96«tt8 0 iiVfiimmm 1 

[0 0 4 6] ^mmi^mcm.mmm^i^ 

^Lfc. ^mi^mi^-^^bMlZAu 2 5 nm, N i 1 0 nm 

^mmt^u^m^^xm^v, unsr^ss 2 o %-&ti7jp 

^>:<f;^»Hfl*-C5 0 orfCTl O^J-m^iffliSLfc, 
«S«S^14<&5^L3g)fi¥t*4 5%Tfe^fc. CICDJ;^ 

-H0 2 0mAC*3tt-5Ji:^r&]«)I«¥l^-e3. 8VT- 
ig.Ci||)5fi«»li J:Ot):*c#<. flfi::^[p]«JE55M . ov^m 

!Kf ICB V^)®:'^l^€EESr^-rig'P© G a N t A u < 
2r»fffiTEMtZj;^T|g3gb^ci:C:-5, GaNBtAu 
H » (^Sr ■* I- 5 ~ 6 M^'B ^ 2) G a S!{t#l i: JS 

[0 0 4 7] (Jt«5^J3) ^M^yi tl^l^«B«it^J$ 

hit, ^^i¥Wii!)^<smizN i 1 0 nm, Au 2 5 nmS: 
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T, 5 0 0'CTgE3igSr2 0%-&trTJP=f>4'Tl O^W 

Ubfc. 6 0 0 Offiaf^fiX-r^CtA^'T-^ 

fcA^ 2 OmA»C*lt«.l£3t3Si«*^7 6 timzmftti.^^^ 
10 fccD<&SfO^< tiRs^t* 5 0 
[0 0 4 8] 

[0 0 4 9] fj:*3, 2|s:5!eaJC*itt-5lljffi«*y«S«IfB03«aj 

JO Pd, P t ;^it*S:fflVi'5C:t"t)t?#-£). ^2 0^ 

Si:LT«. Co, Sn, Cr. Zn, Cu, Mg, I 

o) , :ti/> (03 ) tjiif:<D^^^m-^i^rm^^^z.t 

m60!l»cEiBL/fcGaN©<l&lCGa As . GaP, In 
G.aAs, A 1 I nGaP?a:^*ffl<'i-£;:itt)-C€r«). 
[0®®ffi¥?^tlttW] 

[SI] «]te«>y 1 -rf^sbfemso^- v'xmT^i-^tic 
[0 3] mmm i tc»t)-2)«ffiw«B«jfi«w®0. 

[0 4 ] IIS60« 2 IC«^t)-5«awJKtt©¥ffiB. 

1 N i ©l/D^r'f Jl/ 

2 Auoyzfttyr-i )i' 

3 ocDT'pr^T'f ;i/ 

4 Ga©7'D7T'r;l' 
40 5 N©-^D7Tl'Jl' 

6 

7' pffliMffi 
8 nfiSfIS 

8 ' n mnmrn it>-y=f^>ifnvY 

10 ^1 <D^M<^)i 

1 1 S 2 «5^S&^tJ^SBf<t^o@ 



f^ifms 2 3 0 4 6 3^ 
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